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(54) Radiation source delivery wire and catheter assembly for radiation therapy 



(57) A radiation source delivery wire has a flexible 
operating wire member (2a), and an irradiation member 
(3) including a radiation source (4) for applying radiation 
to a target portion in a cavity of a living body. The irradi- 
ation member (3) including the radiation source (4) is so 
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constructed as to be flexibly bendable, and a distal end 
portion (22) of the operating wire member (2a) consti- 
tutes a narrowing portion which gradually narrows 
toward its distal end. 
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[000.1] The present invention relates to a radiation 
source delivery wire for use in radiation therapy, mainly, 
in a cavity in the living body such as the blood vessel 5 
and a catheter assembly for radiation therapy, provided 
with the same. 

[0002] Radiation therapy is a medical treatment by 
applying radiation source to a lesion tissue or the like. 
Recently, to intensify its treatment effect while reducing w 
a side effect, a method has been employed in which a 
radiation source is placed just in the vicinity of the mor- 
bid tissue. For example, the radiation therapy is carried 
out to prevent a restenosis after percutaneous translu- 
minal coronary angioplasty (PTCA) is carried out for 75 
coronary artery stenosis. In the radiation therapy, 
mainly a catheter or wire is used as a means for deliver- 
ing the radiation source. 

[0003] * The radiation therapy includes, for example, 
inserting a catheter into a cavity of a patient, dwelling a 20 
distal end thereof in the vicinity of a target tissue, send- 
ing a radiation source delivery wire into the catheter with 
a predetermined method to position the radiation 
source near a target portion and dwelling it in the living 
body for a predetermined time so as to apply the radia- 25 
tion. 

[0004] U. S. Patent 5, 728,042 discloses an example 
of the radiation therapy wire. It includes a core wire, wire 
coil (radiation source) made of radioactive substance 
wound up around the core wire and radiopaque coils 30 
provided on the distal and proximal ends of the radiation 
source. Because this radiation therapy wire has radio- 
paque coils, a position of the radiation source can be 
detected. However, because the radiation source is 
composed of wire coil made of radioactive material, a 35 
size of the wire is relatively large and smoothness of the 
surface thereof is lost, so that when inserted into or 
removed from the catheter or lumen, the catheter or tis- 
sue may be damaged. A more important problem is that 
the flexibility of the entire radiation therapy wire is insuf- 40 
ficient so that it is difficult to ensure the operability and 
safety of the catheter. 

[0005] When the target tissue is located in a tortu- 
ous cavity or at a terminal of a branched cavity, if the 
flexibility of the wire for delivering the radiation source to 45 
the target portion is insufficient, operation of the wire 
and positioning of the radiation source become difficult. 
[0006] Accordingly it is an object of the present 
invention to provide a radiation source delivery wire 
wherein flexibility of a distal end portion thereof is so 
improved and operability and safety can be secured 
when inserted into a cavity of a living body even if a tar- 
get tissue is located in a tortuous cavity or at a terminal 
of a branched cavity, as well as a catheter assembly for 
radiation therapy provided with such a radiation source 55 
delivery wire. 

[0007] Another object of the present invention is to 
provide a radiation source delivery wire whose radiation 



source position can be identified accurately so as to 
appropriately apply the radiation to the target tissue so 
that a bad influence upon the living body can be sup- 
pressed, thereby improving a treatment effect, as well 
as a catheter assembly for radiation therapy, provided 
with such a radiation source delivery wire. 
[0008] To achieve the above objects, the present 
invention provides a radiation source delivery wire com- 
prising: a flexible operating wire member; and an irradi- 
ation member including a radiation source for applying 
radiation to a target portion in a cavity of a living body, 
wherein the irradiation member including the radiation 
source is so constructed as to be flexibly bendable, and 
a distal end portion of the operating wire member con- 
stitutes a narrowing portion which gradually narrows 
toward its distal end. 

[0009] Further, the present invention provides a 
radiation source delivery wire comprising: a flexible 
operating wire member; an irradiation member having a 
radiation source comprising powdery emitting member 
for applying radiation to a target portion in a cavity of a 
living body; and a thin-walled, flexible tube accommo- 
dating the irradiation member. 

[0010] Still further, the present invention provides a 
radiation source delivery wire comprising: a flexible 
operating wire member; and an irradiation member 
comprising a flexible, deformable medium and a radio- 
active substance mixed in or carried by the medium, for 
applying radiation to a target portion in a cavity of a liv- 
ing body. 

[0011] Still further, the present invention provides a 
radiation source delivery wire comprising: a flexible 
operating wire member; and an irradiation member for 
applying radiation to a target portion in a cavity of a liv- 
ing body, wherein the irradiation member includes a 
connected body comprising a plurality of individual radi- 
ation sources and flexibly bendable connectors con- 
necting the plurality of individual radiation sources 
substantially on a common axial line, and a joint portion 
joining a proximal end of the connected body to a distal 
end of the operating wire member, and the connected 
body is provided on distal end side relative to the distal 
end of the operating wire member. 
[0012] According to another aspect of the present 
invention, there is provided a catheter assembly for radi- 
ation therapy comprising: (a) a radiation source delivery 
wire of the present invention; and (b) a catheter for radi- 
ation therapy comprising a catheter body and an elon- 
gated lumen which is provided in the catheter body and 
through which the radiation source delivery wire can be 
inserted. 

[001 3] This summary of the invention does not nec- 
essarily describe all necessary features so that the 
invention may also be a sub-combination of these 
described features. 

[0014] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 
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FIG. 1 is a longitudinal sectional view showing a 
radiation source delivery wire according to a first 
embod iment of the present invention; 
FIG. 2 is a sectional view taken along the line ll-ll of 
FIG. 1; 

FIG. 3 is a longitudinal sectional view showing a 
radiation source delivery wire according to a sec- 
ond embodiment of the present invention; 
FIG. 4 is a sectional view taken along the line IV- IV 
of FIG. 3; 

FIG. 5 is a side view showing a radiation source 
delivery wire according to a third embodiment of the 
present invention; 

FIG. 6 is a longitudinal sectional view showing an 
individual radiation source used in the present 
invention; 

FIG. 7 is a sectional view taken along the line VII- 
VII of FIG. 6; 

FIG. 8 is a side view showing a radiation source 
delivery wire according to a fourth embodiment of 
the present invention; 

FIG.. 9 is a oblique view showing the other irradia- 
tion member for use in a radiation dose delivery 
wire of the present invention; 
FIG. 10 is a oblique view showing a further irradia- 
tion member for use in a radiation dose delivery 
wire of the present invention; 
FIG. 1 1 is a longitudinal sectional view showing a 
first embodiment of a catheter assembly for radia- 
tion therapy of the present invention; 
FIG. 12 is a longitudinal sectional view showing the 
second embodiment of a catheter assembly for 
radiation therapy of the present invention; 
FIG. 1 3 is a longitudinal sectional view showing the 
third embodiment of catheter assembly for radiation 
therapy of the present invention; and 
FIG. 14 is a longitudinal sectional view showing the 
fourth embodiment of catheter assembly for radia- 
tion therapy of the present invention. 

[0015] A radiation source delivery wire of the 
present invention comprises a flexible operating wire 
member and an irradiation member including a radiation 
source. The irradiation member of the present invention 
is so constructed as to be deformable such that it is 
capable of following a deformation or bending of a cath- 
eter tube inserted following a tortuous or branched cav- 
ity of a living body or patient, and is capable of following 
such a tortuous or branched cavity, even if a target tis- 
sue.isJocated in_such a tortuous cavity or at a terminal 
end of such a branched cavity. 

[0016] Hereinafter, the present invention will be 
described in detail with reference to the accompanying 
drawings. Throughout all the FIGURES, like reference 
numerals denote the like parts or components. Mean- 
while, "distal" and "proximal" used in this specification 
are based on an insertion direction into a cavity of a liv- 
ing body. 



[0017] FIG. 1 is a longitudinal sectional view show- 
ing a first embodiment of a radiation source delivery 
yyire of the present invention and FIG. 2 is a sectional 
view taken along the line ll-ll of FIG. 2. 

5 [0018] As shown in FIGS. 1 and 2, the radiation 
source delivery wire 1 according to the first embodiment 
of the present invention comprises a flexible operating 
wire member 2a and an irradiation member 3 for emit- 
ting radiation to a target portion in a cavity of a living 

10 body. 

[001 9] The operating wire member 2a is composed 
of fine linear body and functions to transmit an operation 
at the proximal end thereof to the distal end. Therefore, 
the operating wire member 2a is preferably composed 

75 of a material having appropriate stiffness and flexibility. 
Such a material includes, for example, metallic material 
such as stainless steel or tungsten, superelastic alloy 
such as Ni-Ti alloy, Cu-AI-Ni alloy, Cu-Zn-AI alloy or Fe- 
Mn alloy, polyamide, polyimide, ultra-high-molecular 

20 weight polyethylene, carbon fiber, and glass fiber, and 
particularly superelastic alloy is most preferable. The 
operating wire member 2a made of the superelastic 
alloy has appropriate pliability, elasticity, sliding perform- 
ance, mechanical strength, trackability, anti-kink per- 

25 formance and the like, and the radiation source delivery 
wire 1 made of such an operating wire member 2a has 
excellent operability and handling performance when it 
is inserted through the catheter and cavity up to the 
vicinity of a target tissue. 

30. [0020] Further, the operating wire member 2a 
which is made of stranded cable formed by stranding a 
plurality of wires is also preferable. If the operating wire 
member 2a is composed of the stranded wire, the anti- 
kink performance and tensile strength are improved so 

35 that a function for transmitting an operation at the proxi- 
mal end to a distal end of the operating wire member 2a 
can be exerted fully. 

[0021] As shown in FIG. 1, preferably, a distal end 
portion of the operating wire member 2a is a narrowing 

40 portion 22 whose diameter is gradually reduced toward 
a distal end 21 thereof. This narrowing portion 22 
improves pliability and flexibility of the distal end of the 
radiation source delivery wire 1. Thus, the radiation 
source delivery wire 1 can be brought to a target tissue 

45 through bent portion, loop portion, branched portion 
and the like in the catheter and the cavity. At that time, 
the tissue may not be damaged by a distal end of the 
radiation source delivery wire 1 . 

[0022] Further, the narrowing portion 22 is desirably 
so ^constructed such that a diameter thereof is gradually 
reduced symmetrically relative to the axis of the operat- 
ing wire member 2a. Consequently, the operating wire 
member 2a indicates an equal bending performance in 
every direction, thereby improving operability and 
55 safety. 

[0023] An external surface of the operating wire 
member 2a is provided with a covering layer 7 almost 
through the entire length excluding the narrowing por- 
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tion 22. The covering layer 7 provides the surface of the 
operating wire member 2a with resilience and pliability 
a nd fur ther improves lubricity when it is inserted into or 
pulled out of the catheter or lumen. 

[0024] Material of the covering layer 7 includes, for 5 
example, a thermoplastic resin including polyolef in such 
as polyethylene or polypropylene, polyester such as 
ethylene-vinyl acetate copolymer, polyethylene tereph- 
thalate or polybutylene terephthalate, polyvinyl chloride, 
polyamide, polyimide, polyurethane, and fluororesin, as 10 
well as elastomer and copolymer thereof, polymer alloy, 
various kinds of rubbers such as silicone rubber or f luor- 
orubber, and combinations of two or more thereof. 
[0025] The covering layer 7 may be formed using 
any of these materials according to dipping method, hot 15 
melting coating, spray method, heat shrinkage tube or 
the like. 

[0026] The radiation source delivery wire 1 has the 
irradiation member 3 at a distal end thereof. The irradia- 
tion member 3 comprises a radiation source 4 and radi- 20 
opaque markers 5a and 5b. 

[0027] The radiation source 4 comprises radioac- 
tive substance for emitting radiation to the target portion 
in the cavity. As the radioactive substance, a material 
can be used which contains clinically usable radio-iso- 25 
tope, for example, phosphorus-32, calcium-45, cobalt- 
60, strontium-90, yttrium-90, ruthenium-106, xenon- 
103, rhenium-188, rhodium-106, iridium-192, gold-198, 
tungsten- 188. Of these, a radioactive substance con- 
taining radio-isotope which emits p-rays is preferable. 30 
[0028] Because the y ray which is used for radiation 
therapy since before has a strong penetration force, 
from the living body surface up to deep organ may be 
exposed thereto by irradiation. Further, because it is 
scattered in the living body so that it may damage nor- 35 
mal cells seriously, a radiation source having a small 
activity must be used, and therefore, treatment time is 
extended. Further, because there is a problem that an 
operator may be exposed to the radiation, remote con- 
trol system using an expensive after-loader must be 40 
used, so that a problem may be generated in operability. 
To the contrary, because the p-ray has a weak penetra- 
tion force in the living body, the scattering thereof is 
small so that it is capable of inhibiting only hyperplasia 
tissue locally. Therefore, this ensures excellent handling 45 
performance and safety performance, thereby prevent- 
ing an exposure of the operator and improving treat- 
ment effect. Further, because the penetration force of 
the p-ray is not so strong as the y ray, the p-ray is easy 
to shield from, so that protection of the operator from the so 
radiation can be carried out easily. Further, the p-emit- 
ting source 4 can be accommodated in a resin tube 6 
(described in detail below) easily so as to form the radi- 
ation source delivery wire 1. Therefore, a radiation 
source which does not substantially emit y ray, but emits 55 
p-ray is preferable. 

[0029] A configuration and shape of the radiation 
source 4 are not restricted to any particular ones, but it 
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only has to be so structured to be entirely flexible and 
bendable. For example, although it may be constructed 
in the form of a rod, tube, coil, wire mesh or the like, 
preferably, it is composed of a powdery radiator or emit- 
ting member. The radiation source composed of pow- 
dery emitting member can change in its shape freely 
following a bending of the radiation source delivery wire 
1 so that it is capable of following a motion of the radia- 
tion source delivery wire 1. 

[0030] The powdery radiator or emitting member 
can be obtained by carrying the aforementioned radio- 
active substance on a granular carrier. For example, the 
powdery radiator may be obtained by dissolving the 
radioactive substance in acid solution so as to impreg- 
nate porous particles such as glass, ceramics with the 
solution or dispersing powder of the radioactive sub- 
stance in a resin material and granulating the resin 
material. 

[0031 ] Further, in addition to the powder, a radiator 
or emitting member may be obtained by mixing a radio- 
active substance into a flexible, bendable medium. The 
medium may be any material provided it is soft and can 
be readily deformed by an external force, and includes, 
for example, a rubber material such as a silicone rubber, 
a flexible resin material such as a thermoplastic elas- 
tomer or a soft polyurethane, and water adsorptive gel 
such as polyvinyl alcohol. Such a radiator or emitting 
member may be obtained by dispersing powder of the 
radioactive substance in the soft rubber material such 
as silicone rubber, or the soft resin material such as a 
thermoplastic elastomer. Alternatively, the radiator can 
be obtained by impregnating a porous member made of 
these materials with a solution of the radioactive sub- 
stance. The radiation source made of such a flexible, 
bendable medium carrying or containing the radioactive 
substance is capable of ensuring an excellent trackabil- 
ity relative to a motion of the radiation source delivery 
wire 1 . 

[0032] Although the length of the radiation source 4 
can be set up appropriately depending on an irradiation 
portion, irradiation target and the like, preferably it is 5 to 
70 mm in viewpoints of handling, safety and the like. 
The length is more preferably about 10 to 50 mm, and 
most preferably about 20 to 40 mm. 
[0033] The radiopaque markers 5a and 5b are 
located at both ends of the radiation source 4 so as to 
make it possible to recognize the location or position of 
the radiation source 4, an irradiation range by the radia- 
tion source 4 and the like under (particularly X-ray) 
fluoroscopy. Further, the radiation source 4 is fixed in 
the tube 6 by the radiopaque markers 5a, 5b so as to 
prevent the radiation source 4 from being moved during 
treatment leading to radiation error or the like. Specifi- 
cally if the radiation source 4 is powdery, the radiopaque 
markers 5a, 5b function as a lid so as to enclose the 
radiation source 4 securely. 

[0034] The radiopaque markers 5a are 5b are com- 
posed of radiopaque material. Therefore, locations of 
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the radiation source delivery wir^^nd radiation source 
4 can be visually identified under fluoroscopy. The radi- 
opaque material composing the radiopaque markers 
5a, 5b includes for exampie, heavy metal such as Au, 
Ag, Pt, W, Pb, alloys mainly containing such a heavy 5 
metal, barium sulfate, bismuth oxide, and they can be 
formed of a resin material with which these radiopaque 
material is mixed. 

[0035] Each of the radiopaque markers 5a and 5b is 
composed of a hollow cylinder whose outer diameter at w 
its distal end is substantially equal to or slightly smaller 
than a maximum diameter of the operating wire member 
2a. A fitting portion 51 capable of fitting to a distal end 
21 of the operating wire member 2a is provided at a dis- 
tal end of the radiopaque marker 5a. On the other hand, is 
a distal end of the radiopaque marker 5b is round. By 
forming the distal end in a round shape, damage of the 
tissue and the like can be prevented when the radiation 
source delivery.wire 1 is inserted into or removed from 
the cavity. o. 20 
[0036] The .operating wire member 2a is desirably 
so constructed, as to fit to the fitting portion 51 provided 
coaxialiy in the radiopaque marker 5a as shown in FIG. 
2. Consequently, a bending stress or the like transmitted 
from the distal end of the operating wire member 2a can 25 
be applied to the irradiation member 3 equally, thereby 
improving the safety and operability during therapy. In 
other words, the marker 5a functions as "transmitting 
member" or "enlarged portion", for transmitting a bend- 
ing stress or the like to the irradiation member 3, which 30 
is arranged between the irradiation member 3 and the 
wire member 2a and closely contacts the irradiation 
member 3, The operating wire member 2a and the radi- 
opaque marker 5a can be fixed securely via the fitting 
portion 51 by bonding with an adhesive or hot melting. 35 
[0037] The configuration of the radiopaque marker 
is not restricted to cylinder, but may be ribbon-like body 
or linear body. 

[0038] The irradiation member 3 is accommodated 
in the tube 6 having a thin, flexible wall, together with the 40 
radiopaque markers 5a, 5b, as shown in FIG. 1 . Thus, 
this is different from a structure in which a coil made of 
radioactive material is attached directly to the operating 
wire member such that it is exposed outside, and an 
outer surface of the radiation source delivery wire 1 can 45 
be smoothed. The radiation source 4 is sealed com- 
pletely together with the radiopaque markers 5a, 5b by 
the tube 6, and is fixed at a predetermined position in 
the radiation source delivery wire 1. 

[0039] Such a tube 6 is preferably formed of a f lexi- so 

ble resin material. The resin material includes the same 
materials as used for the covering layer 7. By forming 
the tube 6 of such a resin material, flexibility and resil- 
ience of the distal end portion of the radiation source 
delivery wire 1 are secured so that it can be advanced ss 
smoothly with safety through paths in the catheter and 
cavity of a living body. 

[0040] Meanwhile, the tube 6 and covering layer 7 
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may be formed of the same material or different materi- 
als. 

[ 0041 1 . Preferably, the tube 6 is directly (witho.ut.any 
intervening member) to the irradiation member 3 so as 
to function as "encapsulating member" encapsulating 
sealingly the irradiation member 3. Thus, the distal end 
of the radiation source delivery wire 1 has high flexibility 
and the manufacturing process can be more simplified. 
[0042] The distal end portion of the tube 6 is closed. 
This closed distal end portion is capable of preventing 
the radiation source 4 and radiopaque markers 5a, 5b 
accommodated inside the tube 6 from being shifted or 
slipped out. By sealing at least one end of the tube 6, 
the sealing performance is intensified, thereby prevent- 
ing a leakage of the radiation source 4 and securing the 
safety. 

[0043] The proximal end of the tube 6 is joined to 
the covering layer 7 at a joint portion 8 such that a con- 
tinuous smooth outside surface of the radiation source 
delivery wire 1 can be formed. The joint portion 8 is 
formed of an oblique face inclined such that an inside 
face of a distal portion of the covering layer 7 mates with 
an outside face of a proximal portion of the tube 6. At 
the joint portion 8, the covering layer 7 and tube 6 are 
overlaid along the direction of the diameter and both of 
them are joined securely by bonding with an adhesive, 
hot melting, ultrasonic fusion or the like. As a result, the 
operating wire member 2a and irradiation member 3 are 
integrated. 

[0044] The irradiation member 3 is preferably pro- 
vided at the narrowing portion 22 of the operating wire 
member 2a. Consequently, the diameter of the radiation 
source delivery wire 1 can be reduced and the outside 
surface thereof can be smoothed. 
[0045] Further, a fixing member 9 is provided so as 
to fill a space between the tube 6 and narrowing portion 
22. As a result, the irradiation member 3 and operating 
wire member 2a are fixed securely. As the fixing mem- 
ber 9, an adhesive, a resin or the like can be used. 
[0046] The tube 6 may be provided to cover up to 
the proximal end of the operating wire member 2a. With 
such a structure, smoothness of the surface of the radi- 
ation source delivery wire 1 can be easily achieved, and 
because the joint portion 8 is provided, there is no risk 
that the irradiation member 3 may be detached from the 
operating wire member 2a. 

[0047] Although the length of the radiation source 
delivery wire 1 is set up appropriately depending on a 
portion which this device is applied to, preferably it is 0.5 
to 3_mm, and more preferably, 1 .5 to 2.5 mm. Preferably, 
an outer diameter of the wire 1 is 0.1 to 1.5 mm, and 
more preferably, 0.25 to 0.9 mm. 
[0048] To manufacture the radiation source delivery 
wire 1, for example, the tube 6 is formed by extrusion 
molding, cut to a predetermined length and its one jsnd 
is closed in a half-spherical form with a heated molding 
die to provide a distal end of the radiation source deliv- 
ery wire. By disposing the radiopaque markers 5b pro- 
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duced preliminarily at the closed end portion of the tube 
6 at this time, closing of the tube 6 and fixing of the radi- 
op aque m arker 5b are carried out at the same time. 
[0049] The proximal end of the tube 6 is preferably 
cut such that a thickness thereof gradually decreases. 
By so cutting the tube, an area of the joint portion 8 rel- 
ative to the covering layer 7 can be increased, and thus 
the joint between the both can be intensified and an out- 
side surface of the joint portion 8 can be smoothed. 
[0050] Next, the radiation source 4 of a predeter- 
mined amount is charged from the proximal end open- 
ing of the tube 6. Then, the radiopaque marker 5a to 
which a distal end portion 21 of the tapered operating 
wire member 2a has been fit preliminarily is inserted 
into the proximal end opening of the radiation source 4 
and fixed therein. Further, the fixing member 9 of a resin 
or the like is loaded in a gap between the tube 6 and 
narrowing portion 22. 

[0051] Finally, the covering layer 7 is provided on 
the surface of the operating wire member 2a. At this 
time, the covering layer 7 is joined to the proximal end of 
the tube 6 such that they are overlaid along the direction 
of the diameter. After the joint portion 8 is bonded with 
an adhesive or hot-melted, the surface of the joint por- 
tion 8 is smoothed. In this way, the radiation source 
delivery wire t shown in FIGS. 1 and 2 can be obtained. 
[0052] FIG. 3 is a longitudinal sectional view show- 
ing a radiation source delivery wire according to a sec- 
ond embodiment of the present invention, and FIG. 4 is 
a sectional view taken along the line IV-IV of FIG. 3. In 
these FIGURES, like reference numerals denote like 
components or parts, and a description thereof is omit- 
ted. 

[0053] The radiation source delivery wire V of the 
second embodiment is different from the first embodi- 
ment in that the operating wire member 2b penetrates 
the radiopaque marker 5a and radiation source 4 so that 
a distal end thereof extends up to the radiopaque 
marker 5b and a distai end of tne tube 6 is closed by the 
radiopaque marker 5b. 

[0054] Because the operating wire member 2b of 
the radiation source delivery wire 1 ' extends up to a dis- 
tal end thereof, transmission of pushing force and 
torque force applied to the irradiation member 3 located 
at the distal end portion of the radiation source delivery 
wire V is improved, providing improved operability. 
[0055] Preferably, the operating wire member 2b is 
so constructed to fit to the fitting portion 53 provided in 
the center of the radiopaque marker 5b. Preferably, the 
operating wire member 2b penetrates the center of the 
radiopaque marker 5b and the center of the radiation 
source 4 as shown in FIG. 4. Consequently, as in the 
first embodiment, a bending stress and the like transmit- 
ted from the proximal end portion of the operating wire 
member 2b can be applied equally to the irradiation 
member 3, providing improved safety and operability 
during therapy. In other words, the marker 5a functions 
as "transmitting member" or "enlarged portion", for 
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transmitting a bending sflEss or the like to the irradiation 
member 3, which is arranged between the irradiation 
member 3 and the wire member 2b and closely contacts 
the irradiation member 3. 
5 [0056] The distal end opening of the tube 6 is 
closed by the radiopaque marker 5b. By closing the dis- 
tal end of the tube 6 by the radiopaque marker 5b, the 
radiation source 4 can be loaded from the distal end. 
Thus, the assembly and installation of the irradiation 
w member 3 can be carried out further simply 

[0057] The tube 6 and radiopaque marker 5b can 
be fixed by any suitable method, including bonding with 
an adhesive bonding or hot-melting of the both, after the 
radiopaque marker 5b is fit to the tube 6. 
15 [0058] Because the narrowing portion 22 consti- 
tutes the distal end portion of the operating wire mem- 
ber 2b of the radiation source delivery wire 1 ' according 
to the second embodiment as in the first embodiment, 
pliability and flexibility of the distal end can be improved 
20 sufficiently. Further, because the irradiation member 3 is 
provided at the narrowing portion 22 of the operating 
wire member 2b, the diameter of the radiation source 
delivery wire 1 can be reduced and smoothness of the 
outside surface thereof can be improved. 
25 [0059] FIG. 5 is a side view of a radiation source 
delivery wire according to a third embodiment of the 
present invention. 

[0060] A radiation source delivery wire 1 0 shown in 
FIG. 5 comprises a flexible operating wire member 20 
30 and an irradiation member 30 for applying radiation to a 
target tissue in a cavity of a living body as in the radia- 
tion source delivery wires 1 or 1 ' described with refer- 
ence to FIGS. 1 to 4. 

[0061] The operating wire member 20 is the same 

35 as the radiation source delivery wires 1 or 1* described 
with reference to FIGS. 1 -4 except that it has no narrow- 
ing portion 22, as shown in FIG. 5. 
[0062] The radiation source delivery wire 10 has an 
irradiation member 30 at a distal end thereof. The irradi- 

40 ation member 30 is constituted by a connected body 
which includes a plurality of independent or discrete 
radiation sources 301 connected in series along a com- 
mon axial line by connectors 302. 
[0063] Referring to FIGS. 6 and 7, each of the radi- 

45 ation sources 301 comprises a radiator or emitting 
member 301a and a covering layer 301b covering the 
outer periphery of the radiator 301a. 
[0064] Although the configuration and shape of the 
radiation source 301 are not restricted to any particular 

so ones, it is preferably a solid cylinder having a smaller 
outer diameter than the operating wire member 20. The 
radiator 301a can be formed by dissolving powder of a 
radioactive substance in an acid solution and impreg- 
nating porous particles such as glass and ceramic or 

55 water-absorptive gel with the acid solution as in the. 
case of the radiators according to the first and second 
embodiments. Further, if the radioactive substance is 
liquid, the radiator may be formed by impregnating 
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porous material or water absorpTR7§ gel with the liquid 
radioactive substance. Alternatively, if the radioactive 
s ubstance is gaseous, the radiator may be formed by 
"making the porous material absorb it. Further, it is pos- 
sible to mix the radioactive substance-impregnated 5 
porous particles with a thermoplastic resin or silicone 
rubber, which may be shaped into a predetermined 
shape. 

[0065] The covering layer 301b covers the entire 
outer periphery of the radiator 301 a to seal or encapsu- 10 
late the radioactive substance without being scattered. 
Therefore, the covering layer 301b is preferably formed 
of a material which has a strength capable of bearing a 
pressure, impact, vibration or the like from outside and 
is transparent for the radiation. Such a material includes 15 
for example, beryllium, aluminum, magnesium, titan, 
chrome, manganese, iron, cobalt, nickel, alloy thereof, 
metals such as stainless steel, polyethylene, polypro- 
pylene, polyamide, polyimide, fluororesin, and epoxy 
resin. - 20 

[0066] The length of each radiation source 301 in 
the axial direction is preferably as short as possible so 
as to reduce a radius of an entire curvature of the irradi- 
ation member 30 in order to increase ease with which it 
can pass through a tortuous path. The length is prefera- 25 
bly 0.5 to 5.0 mm in viewpoints of ease of manufactur- 
ing, cost and the like, and more preferably 1.0 to 3.0 
mm. 

[0067] The individual radiation sources 301 are 
connected substantially in line on a common axial line 30 
by the connectors 302 so as to form a connected body 
Preferably, each of the connectors 302 comprises a plu- 
rality of (two in the embodiment shown in FIG. 5) fine lin- 
ear members or thin ribbon members 302a and 302b. 
The connector 302 transmits the motion of the operating 35 
wire member 20 to the irradiation member 30 and pro- 
vides with a freedom for the irradiation member 30 to 
move freely bendably. Therefore, the connector is pref- 
erably formed of a material having appropriate stiffness, 
elasticity and flexibility. As such a material, the same 40 
material as that of the operating wire member 20 can be. 
used. By forming the connector 302 of such a material, 
pliability and resilience are secured at the distal end of 
the radiation source delivery wire 1 so as to make it pos- 
sible to send the wire through the path in the catheter 45 
smoothly. 

[0068] Preferably, the linear members or ribbon 
members 302a and 302b of one connector 302 are 
respectively connected to an outer periphery of an end 
portion of the radiation source 301 at symmetrical posi- so 
tions by welding, bonding and the like. The linear mem- 
bers or ribbon members 302a, 302b of the connector 
302 are shifted (preferably, 90°) in the circumferential 
direction relative to the adjacent connector. 
[0069] A distal end 201 of the operating wire mem- 55 
ber 20 and a proximal end of the radiation source-con- 
nected body are connected substantially in line on an 
axial line of the operating wire member 20 by a second 



connector 303. 

[0070] Incidentally, the length from the distal end of 
. the most distal individual radiation source to the .proxi- 
mal end of the most proximal individual radiation 
source, i.e. the length of the connected body is prefera- 
bly about 5 to 70 mm, more preferably about 10 to about 
50 mm, most preferably about 20 to about 40 mm. The 
length of such a degree allows for sufficient radiation 
therapy. 

[0071 ] The radiation source delivery wire 1 0 has the 
same length and outer diameter as the aforementioned 
radiation source delivery wires 1 or 1'. 
[0072] In the third embodiment described above, 
like the first embodiment, preferably the distal end por- 
tion 201 of the operating wire member 20 is so con- 
structed to form a narrowing portion whose diameter 
gradually decreases toward a distal end thereof. In this 
case, preferably, part of the narrowing portion may be 
covered with a coil. A proximal end portion of the coil 
may be fixed to the operating wire member 20, and a 
distal end portion thereof may be connected to a proxi- 
mal end of the irradiation member 30. 
[0073] Further, preferably, at least part of the irradi- 
ation member 30 and operating wire member 20 are 
covered with a thin-walled flexible sheath. 
[0074] To manufacture the radiation source delivery 
wire 10, for example, first, a stainless pipe is cut at a 
predetermined length and an end thereof is closed by 
welding or the like. Then, a radiator or emitting member 
301a produced preliminarily is inserted from the other 
end opening and the pipe is closed so as to complete 
the covering layer 301b and production of the radiation 
source 301. 

[0075] Next, a Ni-Ti pipe having a predetermined 
diameter and thickness is mounted on a rotary fixing 
base and cut by irradiating laser beam from top of the 
side to produce a first connector 302. 
[0076] The radiation sources 301 and the first con- 
nectors 302 are joined together by bonding, spot weld- 
ing or the like by shifting their joints successively in the 
circumferential direction so as to produce the irradiation 
member 30 having a predetermined length. 
[0077] Then, the distal end 201 of the operating 
wire member 20 is connected to the proximal end of the 
irradiation member 30 by bonding, spot welding or the 
like with a second connecting means 303. 
[0078] With the above described manufacturing 
method, the radiation source delivery wire 10 shown in 
FIG. 5 can be obtained. 

[0079] FIG. 8 is a side view, of the radiation source 
delivery wire according to a fourth embodiment of the 
present invention. In FIG. 8, like reference numerals as 
in FIG. 5 denote like components or parts and a 
description thereof is omitted. 

[0080] The radiation source delivery wire 10* shown 
in FIG. 8 is different from the third embodiment in that 
the irradiation member 30 comprises a connected body 
including a flexible, bendable tube-like member 40 
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which accommodates a plurality of individual radiation 
sources 301 substantially in line on a common axial line. 
[0081] The tube-like member 40 is preferably capa- 
ble of advancing through a tortuous cavity, and there- 
fore it is formed of a material having appropriate 
stiffness and flexibility. Such a material includes, for 
example, metallic materials such as stainless steel and 
tungsten, superelastic alloy such as Ni-Ti alloy, Cu-AI-Ni 
alloy, Cu-Zn-Al alloy, Fe-Mn alloy, a resin such as polya- 
mide, polyimide, polyethylene terephthalate, polybuthyl- 
ene terephthalate, polyethylene, polypropylene, 
polyurethane and the like. Particularly the superelastic 
alloy is preferable. The tube-like member 40 can be 
made of rod, hollow pipe or ribbon wound in helical 
form. When the tube 40 is formed of a metallic material 
or a superelastic alloy, in particular, it is preferable to 
form an opening (slit) 401 by etching, laser products, 
electrical discharge machining or the like so as ft je 
provided with flexibility. Preferably, the length of ne 
opening 401 in the axial direction is substantially the 
same as that of the radiation source 301 in the axial 
direction. The tube-like member may be made of braid 
of thin wire. 

[0082] Preferably, the distal end of the operating 
wire member 20 is inserted into the proximal end 402 of 
the tube-like member 40 so that the axial lines thereof 
are common and then connected to each other by bond- 
ing or welding. Preferably, a distal end 403 of the tube- 
like member 40 is rounded. 

[0083] Preferably, radiopaque markers (not shown) 
made of radiopaque material are attached to the distal 
and proximal ends of the tube-like member 40. 
[0084] The radiation sources 301 may be con- 
nected by bonding, welding or the like. 
[0085] Because the radiation source delivery wire 
10' of this embodiment includes the radiation source 
301 in the tube-like member 40 produced integrally with 
the wire preliminarily, uniformity and integration in bend- 
ing performance of the irradiation member 30 can be 
intensified, so that manufacturing and assembly are 
facilitated thereby leading to reduction of cost. 
[0086] To produce the radiation source delivery wire 
10', for example, first, Ni-Ti pipe having a thickness of 
about 100 micro meter and having an outer diameter 
slightly larger than those of the operating wire member 
20 and radiation source 301 is cut to a predetermined 
length and mounted on a rotary fixing base. Then, laser 
beam is irradiated from top of the side so as to cut the 
pipe thereby producing the tube-like member 40 includ- 
ing a plurality of the openings 401 . Then, the end of the 
tube-like member 40 is closed or narrowed. Next, the 
radiation source 301 is inserted into the interior of the 
tube-like member 40. The afore-mentioned tube-like 
member 40 and radiation source 301 may be fixed by 
bonding, welding or the like. After that, the distal end 
201 of the operating wire member 20 is inserted into the 
proximal end 402 of the tube-like member 40 and then 
fixed by bonding, welding or the like. Finally, the radio- 
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paque markers are attSOTfed to the distal end 403 and 
proximal end 42 of the tube-like member 40. 
[0Q87] FIG. 9 shows another embodiment of the 
irradiation member of the radiation source delivery wire 
of the present invention. This irradiation member 50 
comprises a flexible, bendable belt-like (ribbon) sub- 
strate 501 and a plurality of radiation sources 502 fixed 
thereon including a radioactive substance. The radiation 
sources 502 are spaced apart from each other in the 
axial direction of the ribbon substrate. The radiation 
source 502 may be prepared by mixing powdery radio- 
active substance in a flexible medium such as a thermo- 
plastic resin or silicone rubber and coating the mixture 
on the substrate 501 . Alternatively, the radiation source 
may prepared by mixing porous particles supporting a 
radioactive substance with the flexible medium men- 
tioned above and coating the mixture on the substrate 
501. The ribbon substrate 501 is preferably formed of a 
metallic material such as stainless steel, or a superelas- 
tic alloy described earlier. 

[0088] FIG. 1 0 shows other embodiment of the irra- 
diation member of the radiation source delivery wire of 
the present invention. This irradiation member 60 
includes a flexible, bendable belt-like (ribbon) substrate 
601 having a plurality of through holes 602. A plurality of 
individual radiation sources 602 including a radioactive 
substance, such as the individual radiation^source 301 
described in the third embodiment, are fixed within 
through holes 602, respectively. The ribbon substrate 
601 is preferably formed of the same material as the rib- 
bon substrate 501 described with reference to FIG. 9. 
[0089] Next, a radiation therapy catheter assembly 
suitable for use with the radiation source delivery wire of 
the present invention will be described with reference to 
the accompanying drawings. 

[0090] FIG. 11 is a longitudinal sectional view 
showing a first embodiment of the radiation therapy 
catheter assembly of the present invention. The radia- 
tion therapy catheter assembly 100 of ihe present inven- 
tion shown in FIG. 1 1 comprises a radiation therapy 
catheter 101 and a radiation source delivery wire 107 
(for example, a radiation source delivery wire explained 
with reference to FIGS. 1 to 10) of the present invention. 
[0091] According to this embodiment, the radiation 
therapy catheter 101 is intended to be inserted into a 
cavity of a living body, such as blood vessel, for radia- 
tion therapy. The catheter 101 comprises a catheter 
body 110 guided by a guide wire 108 in the cavity, an 
elongated lumen (radiation wire lumen) 102 which is 
provided in the catheter body 110 and through which 
the radiation source delivery wire 107 can be inserted, 
radiopaque markers 105a and 105b for identifying a 
position of the radiation source 106 of the radiation 
source delivery wire 107, and an elongated lumen 
(guide wire lumen) 104 through which the guide wire 
108 can be inserted. 

[0092] The catheter body 1 1 0 is formed of a flexible 
material. To ensure easiness of operation and safety in 
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introducing the catheter up to a fi^et portion through a 
guiding catheter or a cavity of a living body such as 
blood vessel, preferably the catheter is formed of a 
material' having appropriate piiabiiity, elasticity, sliding 
performance, mechanical strength and anti-kink per- 5 
formance. The material of the catheter body 110 
includes, for example, polyolefin such as polyethylene 
and polypropylene, ethylene-vinyl acetate copolymer, 
polyvinyl chloride, polyester such as polyethylene 
terephthalate and polybutylene terephthalate, polya- 10 
mide, polyimide, polyurethane, fluororesin, elastomer 
and copolymer thereof, polymer alloy, and combinations 
of two or more thereof. 

[0093] To prevent the radiation emitted from the 
radiation source 106, which is moving through the cath- 75 
eter body 110 when the radiation source delivery wire 
107 is inserted or removed, from irradiating a tissue 
other than the target portion, preferably, powder of a 
material (radiation shielding material) which hardly 
transmits the radiation therethrough, e.g., a heavy metal 20 
such as Au, Ag, Pt, Pb and W, barium sulfate, bismuth 
oxide, is mixed in the material forming the catheter body 
110. However, it is necessary to avoid mixing of any of 
the radiation shielding materials in a portion for carrying 
out radiation therapy, i.e., in a region between the radio- 25 
paque markers 105a and 105b of the catheter body 
110. 

[0094] Further, to improve the slidability of the radi- 
ation therapy catheter 101 , it is possible to cover an out- 
side surface of the catheter body 110 with a hydrophilic 30 
polymeric material exhibiting lubricity in wet condition. 
[0095] Although a length of the catheter body 1 1 0 is 
selected appropriately depending on a case to which it 
is applied, preferably it is 0.5 to 2 mm and more prefer- 
ably 1 .0 to 1 .5 mm. An outer diameter thereof is prefer- 35 
ably 0.5 to 5 mm and more preferably 0.8 to 3.0 mm. 
[0096] The radiation wire lumen 102 formed inside 
the catheter body 1 10 has its distal end closed, consti- 
tuting a closed end 121. The closed end 121 prevents 
body fluid such as blood from making contact with the 40 
radiation source 106 via the lumen or the radioactive 
substance from leaking into the living body. 
[0097] The radiation wire lumen 102 is provided 
coaxially with the catheter body 110. Consequently, the 
positioning of the radiation source 106 along the axis of 45 
the catheter body 110 is facilitated. Therefore, a dis- 
tance from the radiation source 106 to an inner wall of a 
cavity of a living body at which radiation is to be directed 
can be substantially equalized so that a dose of radia- 
tion to the target tissue becomes uniform. so 
[0098] The guide wire lumen 104 is provided at a 
further distal end side of the closed end 121 of the radi- 
ation wire lumen 102. The guide wire lumen 104 is an 
elongated lumen through which the guide wire 108 is 
inserted for guiding the radiation therapy catheter 101 55 
into the cavity of a living body. The lumen 104 has a 
proximal end opening 142 at the side of the catheter 
110 and a distal end opening 141 substantially in the 
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center of the distal end of the catheter body 1 10. By pro- 
viding the distal end opening 142 on the side of the 
catheter body 110, the guide wire can be pulled out or 
replaced rapidly, thereby ensuring excellent operability 
and handling. 

[0099] The guide wire lumen 104 is provided coaxi- 
ally with the catheter body 1 10. As a result, the catheter 
body 110 introduced by the guide wire 108 can be 
moved safely and smoothly. 

[01 00] The guide wire lumen 1 04 and radiation wire 
lumen 102 are arranged coaxially. With such a struc- 
ture, the radiation source 106 is easy to be located in 
the center of the living body cavity so that irradiation of 
the radiation can be done equally or uniformly. 
[0101] Further, by providing the radiation wire 
lumen 102 and guide wire lumen 104 coaxially, the cath- 
eter body 110 can be so constructed as if it includes 
only a single cavity in the radial direction, so that reduc- 
tion of-the diameter of the whole catheter body 110 can 
be achieved. Therefore, this is applicable for radiation 
therapy in a narrow cavity, so that the scope of applica- 
tion is expanded and the safety and accuracy are 
improved. 

[01 02] The radiopaque markers 1 05a and 1 05b are 
provided on an outer periphery in the vicinity of the dis- 
tal end of the catheter body 110. As a result, the radia- 
tion therapy catheter 101 can be located accurately at a 
target portion and a position of the radiation source 106 
can be detected accurately. 

[01 03] The radiopaque markers 1 05a and 1 05b are 
formed of a radiopaque material. Because the markers 
are visible from outside under radiation fluoroscopy, the 
position of the markers can be recognized and deter- 
mined. Thus, the radiation therapy catheter 101 can be 
positioned easily and accurately at a desired position, 
so that the radiation source 106 can be disposed at a 
target portion. 

[01 04] The radiopaque material for forming the radi- 
opaque markers 105a and 105b includes, for example, 
heavy metals such as Au, Ag, Pt, W, Pb, and alloys and 
salts thereof. 

[0105] The radiopaque markers 105a are 105b are 
constituted by a thin-walled tube-like members and 
fixed by caulking the tube-like members onto an outer 
peripheral surface of the catheter body 110. In this 
case, preferably, an inner diameter of the radiopaque 
markers 105a and 105b is substantially equal to or 
slightly smaller than an outer diameter of the catheter 
body 1 10. The configuration of the radiopaque markers 
is not_ restricted to the tube shown in FIG 10, but may be 
ribbon member, linear member or the like. 
[0106] According to this embodiment, part of the 
radiopaque markers 105a and 105b are embedded in 
the outer peripheral surface region of the catheter body 
1 10 such that they are fixed securely. Further, the radio- 
paque markers 105a and 105b are covered with a resin 
111. As a result, the fixing of the catheter body 1 10 is 
secured, and steps between the outer peripheral sur- 
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face of the catheter body 110 and radiopaque markers 
105a are 105b are eliminated so as to ensure smooth 
sliding of the catheter body 110 in the lumen and pre- 
venting a damage to the tissue. With such a construc- 
tion, the radiopaque markers 105a and 105b are not 5 
shifted or doe not drop due to bending or the like of the 
catheter body 1 10 so as to achieve the function of iden- 
tifying the position of the radiation source 106 accu- 
rately 

[0107] The resin 1 1 1 is not restricted to any partic- 10 
ular one. The resin may be any resin for forming the 
catheter body 110, and is preferably the same as the 
catheter body-forming resin material. This resin 111 
may be applied by coating a solution containing the 
resin 111 around the radiopaque markers 105a and 15 
1 05b so as to fill the stepped portion formed with the 
catheter body 110. 

[0108] Preferably, the radiopaque markers 105a 
and 105b are disposed at substantially the same inter- 
val as a length of the radiation source 106 in the axial 20 
direction. As a result, the position of the radiation source 
106 and an irradiation range of radiation can be identi- 
fied accurately. According to this embodiment, if the dis- 
tal end of the radiation source 106 is set at the proximal 
end of the radiopaque marker 105a, the proximal end of 25 
the radiation source 106 corresponds to the distal end 
of the radiopaque marker 105b. 

[0109] The radiopaque marker of the radiation ther- 
apy catheter should not be limited to the form shown in 
the figure, but it suffices for the radiopaque maker to be 30 
constituted such that a predetermined region of the dis- 
tal end side portion of the catheter can be positioned 
near the target tissue in a living body owing to the 
marker. Thus, for example, only one radiopaque marker 
may be provided on the catheter. 35 
[0110] In case where a radiation source delivery 
wire having no radiopaque marker is used, when the 
radiation source delivery wire is inserted until a distal 
end thereof abuts against the closed end 121 of the 
radiation wire lumen 102, preferably the radiation 40 
source 106 is located in a predetermined region of the 
catheter (for example, the region between the radio- 
paque markers 105a and 105b). As a result, even in the 
radiation source delivery wire 107 having no radiopaque 
markers, the position of the radiation source 106 can be 45 
identified. 

[01 1 1 ] A connector 1 30 whose inner diameter grad- 
ually increases toward the proximal end is attached to 
the proximal end of the catheter body 110. The distal 
end of the connector 130 is connected to the radiation so 
wire lumen 102, so that the radiation source delivery 
wire 107 can be inserted into the radiation wire lumen 
102 from the connector 130. On the other hand, the 
proximal end of the connector 130 is so constructed as 
to be connectable to an after-loader (not shown) capa- 55 
ble of sending, winding or accommodating the radiation 
source delivery wire 107. The connector 130 may be 
formed of various kinds of resins, preferably, for exam- 
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pie, polyethylene, polyr37B|5ylene, polycarbonate, polya- 
mide, polysulfone, polyarylate or the like. 
[01 1 2] The radiation source delivery wire 1 07 of the 
present invention includes a radiation source 106 in the 
vicinity of the distal end. The radiopaque markers 161 
(corresponds to the markers 5a and 5b of FIG. 1) are 
provided on both ends of the radiation source 106. The 
markers make it possible to visually identify the position 
of the radiation source 1 06 directly, as described above. 
Therefore, the position of the radiation source 106 can 
be recognized more easily and accurately owing to the 
presence of the markers 161 together with the markers 
105a and 105b like the radiopaque markers 105a, 105b 
provided on the catheter 101 of the present invention. It 
is possible to fix a ring made of radiopaque material 
around an outer periphery of the radiation source deliv- 
ery wire 107 in the vicinity of both ends of the radiation 
source 106 by caulking to provide the marker 161. 
[0113] The radiation therapy catheter 101 may be 
manufactured in the following method. 
[01 14] First, a tube for the catheter body is formed 
by extrusion. This tube is cut to an appropriate length to 
produce the catheter body 1 10. 

[0115] The radiopaque markers 105a, 105b of ring 
shape produced preliminarily are fitted around the outer 
periphery of the catheter body 110. 
[01 1 6] If an inner diameter of the rings of the radio- 
paque markers 105a, 105b is smaller than the outer 
diameter of the catheter body 110, the catheter body 
110 is inserted into each ring in a condition that it is 
stretched and then the stretching condition is released. 
Further, the rings and catheter body are heated so that 
part or all thereof is embedded into the outer peripheral 
surface region of the catheter body 1 10. The resin 1 1 1 
is applied thereon so as to fill the stepped portion 
formed with the radiopaque markers 105a and 105b 
and catheter body 1 1 0. 

[0117] Next, filler made of the same resin material 
as the catheter body 1 10 is injected through the distal 
end opening 141 of the catheter body 110, and the por- 
tion from the distal portion with respect to the radio- 
paque marker 105a up to the distal end opening 141 is 
closed. As a result, the radiation wire lumen 102 having 
the closed end 121 is formed. 

[0118] Further, the side opening 142 of the guide 
wire lumen 104 is formed on a side wall of the catheter 
body 1 10 at a proximal portion of the catheter body 110 
with respect to the closed end 121. Further, a core 
made of a metal having substantially the same outer 
diameter as the inner diameter of the guide wire lumen 
104 is inserted from the distal end opening 141 of the 
catheter body 1 10 up to a position which communicates 
with the proximal end opening 142. By bringing the dis- 
tal end of the catheter body 110 in a bottomed cylindri- 
cal heated die in this state, the guide wire lumen 104 is 
formed and the distal end of the catheter body 110 is 
rounded. 

[0119] On the other hand, a connector 130 is 
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attached to the proximal end of^rre catheter body 110 
and both of them are fixed with an adhesive so as to 
produce the radiation therapy catheter 101. 
[0120] If a covering layer made of a hydrophilic 
resin is formed on the surface of the catheter body 1 10, 
first, a supporting metallic rod is inserted into the radia- 
tion wire lumen 102 from the proximal end and further, 
another supporting metallic rod is inserted also into the 
guide wire lumen 1 04 from the distal end opening 141 or 
proximal end opening 142, and the catheter body 1 10 is 
dipped in a resin solution from a distal end thereof. 
[0121] Next, as an example of radiation therapy 
using the radiation therapy catheter assembly of this 
embodiment, a case of treatment on PTCA underwent 
portion (blood vessel stenosis portion) will be 
described. 

[0122] First, a sheath is inserted into a femoral 
artery, and then a guiding catheter (not shown) is 
inserted through the sheath and the distal end of the 
guiding catheter . is located this side in the vicinity of a 
target tissue (blood vessel stenosis portion which has 
subjected to PTCA). 

[0123] Next, -while sending the guide wire 108 in 
advance, the radiation therapy catheter 101 is inserted 
into the guiding catheter. Usually, it is preferred to use 
the guiding catheter and guide wire which have been 
used for guiding a balloon dilating catheter for treating 
stenosis, after removing the balloon dilating catheter. 
Then, a contrast medium is poured from the inside of 
the guiding catheter so as to recognize the position of 
the target tissue, and while confirming the positions of 
the radiopaque markers 105a and 105b under X-ray 
fluoroscopy, the radiation therapy catheter 101 is 
advanced in the distal direction to position the radiation 
therapy catheter 101 so that its portion between the 
markers 105a and 105b is located in the vicinity of the 
target tissue. 

[01 24] Thereafter, the radiation source delivery wire 
107 is inserted into the radiation wire lumen 102 and 
advanced so that the radiation source 106 is located 
between the radiopaque markers 105a and 105b. 
[0125] If the radiation source 106 reaches the target 
position (see FIG. 1 1), it is kept in the target position for 
a predetermined time to irradiate the target tissue with 
the radiation from the radiation source 106. 
[0126] After the irradiation of radiation is completed, 
the radiation source delivery wire 107 is pulled out rap- 
idly and accommodated in a shielded container. 
[0127] FIG. 12 is a longitudinal sectional view 
showing a second embodiment of a radiation therapy 
catheter assembly of the present invention. Like refer- 
ence numerals denotes like components or parts as in 
FIG. 1 1 and a description thereof is omitted. 
[01 28] The radiation therapy catheter assembly 1 00 
of this embodiment comprises the radiation therapy 
catheter 101 and the radiation source delivery wire 107 
of the present invention. 

[0129] In the radiation therapy catheter 101, the 
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guide wire lumen 104 and the radiation wire lumen 102 
are provided in parallel in the axial direction. At the prox- 
imal_end^side of the proximal end opening 142 of the 
guide wire lumen 104, a fluid passage lumen 145 con- 
5 stituting a path for injecting or sucking a liquid or for 
sucking a body fluid. A side hole 146 is provided near a 
distal end thereof. 

[01 30] The connector 1 30 is attached to a distal end 
of the radiation therapy catheter 101. The connector 
10 130 is a hollow member branched into two pipes. One 
branch pipe constitutes a port 147 communicating with 
the radiation wire lumen 102, and the other branch pipe 
constitutes a port 144 communicating with the fluid pas- 
sage lumen 145. 
75 [0131] This embodiment is different from the first 
embodiment of the catheter assembly in that the radio- 
paque markers 105a and 105b are provided inside the 
catheter body 110. Because smoothness of the outer 
periphery of the catheter body 110 is maintained with 
20 this structure, the operability and safety of the catheter 
body 1 10 in a cavity of a living body are improved. 
[01 32] The radiopaque markers 1 05a and 1 05b are 
provided outside the radiation wire lumen 102. 
Because, with such a structure, the radiopaque markers 
25 1 05a and 1 05b can be placed near the radiation source 
106, a position of the radiation source 106 can be 
detected more accurately. For example, if the catheter 
body 110 and the radiation source delivery wire 107 are 
bent near a position in which the radiation source 106 is 
30 located, the relative position is hardly shifted so that the 
position of the radiation source 106 can be always 
detected accurately. 

[0133] The radiation therapy catheter 101 of this 
embodiment can be manufactured, for example, in the 
35 following manner. 

[01 34] As in the first embodiment of the catheter, 
assembly, a tube having a single cavity for forming the 
catheter body 101 is formed by extrusion. Next, a core 
for preventing a clogging is placed inside the tube and 
40 the radiopaque markers 105a and 105b are placed at 
predetermined positions in the tube. Then, the tube is 
inserted into an extrusion die so as to form a single 
lumen in which the guide wire lumen 104 communicates 
with the fluid passage lumen 1 45 in parallel to the center 
45 lumen providing the radiation wire lumen 102. 

[0135] Next, by closing the distal end of the tube, 
the closed end 121 is formed for the center lumen 102. 
[01 36] Then, by injecting a filler made of a resin the 
same as the resin forming the catheter body 110 into a 
so portion apart by a predetermined distance from the dis- 
tal end of the lumen which will serve for a guide wire 
lumen toward the distal end, the lumen is divided so that 
the distal end side thereof serves as the guide wire 
lumen 104 and the proximal end side serves as the fluid 
55 passage lumen 145. The proximal end opening 142 is 
provided at the proximal end of the guide wire lumen 
104 and the side hole 146 is provided near the distal 
end of the fluid passage lumen 145. 
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[0137] In the radiation therapy catheter 101 of this 
embodiment, the position of the proximal end opening 
142 of the guide wire lumen 104 can be selected and 
provided more freely than the first embodiment. 
Although according to the first embodiment of the cath- 5 
eter assembly, the proximal end opening 142 of the 
guide wire lumen 104 is restricted to distal end side rel- 
ative to the closed end 121 of the radiation wire lumen 
102, there is no such a restriction in this embodiment 
and the position of the proximal end opening 1 42 can be w 
set arbitrarily depending on the operability, irradiation 
portion and the like of the guide wire 108. 
[0138] Further, because the side hole 146 of the 
fluid passage lumen 145 can be provided at any place, 
for example, contrast medium or the like can be thrown 15 
in directly from the vicinity of the target tissue, thereby 
contributing largely to improvement of diagnostic accu- 
racy and therapy effect. 

[0139] As in the first embodiment of the catheter 
assembly, it is possible to form the distal end of the cath- 20 
eter body 110 in a round shape and form the covering 
layer made of a hydrophilic resin on the surface of the 
catheter body 110. Further, by attaching the connector 
130 to the distal end of the catheter body 1 10 and fixing 
it with an adhesive, the radiation therapy catheter 1 01 is 25 
obtained. 

[0140] According to this embodiment, the radiation 
wire lumen 102 is disposed coaxially with the catheter 
body 110. The radiation therapy catheter of the present 
invention is not restricted to this type, but it is possible to 30 
dispose the radiation wire lumen 102 at a position 
shifted relative to a lateral section of the catheter body 
110. However, if the radiation wire lumen 102 is dis- 
posed coaxially with the catheter body 110 as in this 
embodiment, it is easy to place the radiation source in 35 
the center of a cavity of a living body, such as a blood 
vessel, so that uniform irradiation of radiation is ena- 
bled. 

[0141] FIG. 13 is a longitudinal sectional view 
showing a third embodiment of the radiation therapy 40 
catheter assembly of the present invention. This 
embodiment is equal to the radiation therapy catheter 
assembly shown in FIG. 12 except that the guide wire 
lumen 104 extends up to the proximal end, the proximal 
end opening 142 is located at the proximal end of the 45 
port 144. 

[0142] The guide wire lumen 104 can be made to 
function as the fluid passage cavity in such a condition 
that the guide wire 108 is not inserted through. With 
such a structure, a necessity of providing the catheter so 
body with the side hole is eliminated, thereby simplifying 
a manufacturing process of the catheter body. 
[0143] FIG. 14 is a longitudinal sectional view 
showing a fourth embodiment of the radiation therapy 
catheter assembly of the present invention. ss 
[0144] According to this embodiment, three elon- 
gated lumens, i.e., the guide wire lumen 104, fluid pas- 
sage lumen 145 and radiation wire lumen 102 are 
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Sxial direction of the catheter 



provided in parallel in 
body 110. 

[0145] The connector 130 is attached to the proxi- 
mal end of the radiation therapy catheter 101 . The con- 
nector 130 is a hollow member having three branch 
pipes and those branch pipes constitute a port 147 
communicating with the radiation wire lumen 102, a port 
148 communicating with the fluid passage lumen 145 
and a port 144 communicating with the guide wire 
lumen 104. 

[0146] The radiation therapy catheter 101 of this 
embodiment is equal to the radiation therapy catheter 
shown in FIG. 13 except that the guide wire lumen 104 
and fluid passage lumen 145 are provided independ- 
ently of each other. 

[01 47] Although the respective embodiments of the 
radiation source delivery wire and radiation therapy 
catheter assembly of the present invention have been 
described above, the present invention is not restricted 
to these embodiments. For example, it is possible to fix 
a lubricating substance such as a hydrophilic polymeric 
substance on the surface of the radiation source deliv- 
ery wire 1. Further, instead of the tube-like connecting 
means shown in FIG. 8, a plurality of radiation sources 
arranged substantially in line on a common axial line 
may be connected by bonding one or more linear mem- 
bers or spot-welding on the outer peripheral surface of 
those radiation sources. As for the catheter assembly, 
for example, the guide wire lumen may be provided in a 
tube provided on the outer periphery of the catheter 
body as well as inside the catheter body. Further, a 
structure of each means may be replaced with any 
structure having the same function. 
[0148] As described above, because the radiation 
source delivery wire of the present invention is so con- 
structed that the irradiation member including the radia- 
tion source is entirely flexible and bendable, it can be 
inserted smoothly with the safety through a complicat- 
edly curved catheter or cavity of a iiving body. Further, if 
the operating wire member has the narrowing portion 
which gradually narrows toward the distal end thereof, 
flexibility of the distal end is further improved. 
[0149] Such a radiation source delivery wire can be 
used widely for radiation therapy in the lumens such as 
the hepatic artery, marginal artery, veins, respiratory 
system, bile duct, prostate. 

[0150] The radiation therapy catheter assembly of 
the present invention makes it possible to carry out 
diagnosis, treatment and the like rapidly and securely to 
detect a position of the radiation source accurately. As a 
result, the safety and effect of the irradiation are 
improved thereby reducing danger of side effect and 
recurrence of disease symptom. Further, because the 
radiation therapy catheter of the present invention is 
provided with a radiopaque marker, this is available 
even if the radiation source delivery wire has no marker. 
Further, if the radiation source delivery wire having the 
markers is used, a further secure detection of the radia- 
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1. A radiation source delivery wire characterized in 5 
that comprising: 

a flexible operating wire member; and 
an irradiation member including a radiation 
source for applying radiation to a target portion w 
in a cavity of a living body, 
wherein said irradiation member including the 
radiation source is so constructed as to be flex- 
ibly bendable, and a distal end portion of the 
operating wire member constitutes a narrowing 15 
portion which gradually narrows toward the dis- 
tal end. 

2. The delivery wire according to claim 1 , character- 
ized in that said irradiation member is provided at 20 
the narrowing portion. 

3. The delivery wire according to claim 1 , character- 
ized in that said irradiation member includes radio- 
paque markers for indicating a position of the 25 
radiation source. 



11. The delivery wire according to claim 10, character- 
ized in that each of said connector is provided 
between two adjacent individual radiation sources 
and comprises a plurality of linear members or rib- 
bon members whose one end is connected to a 
proximal end of one of the two adjacent individual 
radiation sources and whose other end is con- 
nected to a distal end of the other of the two adja- 
cent individual radiation sources. 

12. The delivery wire according to claim 10. character- 
ized in that said connector is made of a flexible, 
bendable tube-like member accommodating said 
plurality of the individual radiation sources substan- 
tially in line on a common axial line. 

13. A radiation source delivery wire characterized by 
comprising: 

a flexible operating wire member; 
an irradiation member including a radiation 
source comprising powdery emitting member 
for applying radiation to a target in a cavity of a 
living body; and 

a thin-walled, flexible tube accommodating the 
irradiation member. 



4. The delivery wire according to claim 3, character- 
ized in that said radiation source and radiopaque 
markers are accommodated in a thin-walled flexible 30 
tube. 

5. The delivery wire according to claim 4, character- 
ized in that at least one end of said tube is closed. 

35 

6. The delivery wire according to claim 4, character- 
ized in that said tube is formed of a resin. 

7. The delivery wire according to claim 1, character- 
ized in that said radiation source comprises a p- 40 
emitting radio-isotope. 

8. The delivery wire according to claim 1 , character- 
ized in that said radiation source comprises pow- 
dery emitting member. 45 

9. The delivery wire according to claim 1 , character- 
ized in that said radiation source comprises a 
deformable substrate and radioactive substance 
carried by said substrate. 50 

10. The delivery wire according to claim 1, character- 
ized in that said irradiation member comprises a 
plurality of individual radiation sources, and flexible 
connectors for connecting said plurality of the indi- 55 
vidual radiation sources substantially in line on a 
common axial line. 



14. The delivery wire according to claim 13, character- 
ized in that at least one end of the tube is closed. 

15. The delivery wire according to claim 13, character- 
ized in that said irradiation member has radiopaque 
markers for indicating a position of the radiation 
source. 

16. The delivery wire according to claim 13, character- 
ized in that at least one end of the tube is closed by 
the radiopaque marker. 

17. The delivery wire according to claim 13, character- 
ized in that said tube is formed of a resin. 

18. The delivery wire according to claim 13, character- 
ized in that said radiation source contains a p-emit- 
ting radio-isotope. 

19. A radiation source delivery wire characterized by 
comprising: 

a.flexible operating wire member; and 
an irradiation member comprising a flexible, 
deformable medium and a radioactive sub- 
stance mixed in or carried by said medium for 
applying radiation to a target in a cavity of a liv- 
ing body. 

20. The delivery wire according to claim 19. character- 
ized in that said flexible, deformable medium is 



13 



BNSOOCID: <EP 0993843 A2J_> 



25 



EP 0 993 843 A2 



formed of a material selected from the group con- 
sisting of a soft rubber material, elastic resin mate- 
rial and water-absorptive gel. 

21. The delivery wire according to claim 19, character- 
ized in that said irradiation member is accommo- 
dated in a thin-walled, flexible tube. 



22. The delivery wire according to claim 21, character- 
ized in that at least one end of the tube is closed. 

23. The delivery wire according to claim 20, character- 
ized in that said irradiation member is accommo- 
dated in a thin-walled, flexible tube, and at least one 
end of the tube is closed by a radiopaque marker. 

24. The delivery wire according to claim 21, character- 
ized in that said tube is formed of a resin. 

25. The delivery wire according to claim 19, character- 
ized in that said radiation source contains a p-emit- 
ting radio-isotope. 

26. A radiation source delivery wire characterized by 
comprising: 

a flexible operating wire member; and 
an irradiation member for applying radiation to 
a target portion in a cavity of a living body, 
wherein said irradiation member comprises a 
connected body including a plurality of individ- 
ual radiation sources and flexibly bendable 
connectors connecting said individual radiation 
sources substantially in line on a common axial 
line; and a joint portion joining a proximal end 
of the connected body to a distal end of the 
operating wire member, and wherein the con- 
nected body is provided on distal end side rela- 
tive to the distal end of the operating wire 
member. 



□ mernl 



adjacent emitting ITIEmbers, and the connecting 
members are shifted in a circumferential direction 
of the emitting member relative to the other. 

5 30. The delivery wire according to claim 26, character- 
ized in that said connector is a substantially tube- 
like, flexibly bendable member located outside said 
plurality of the emitting members, and accommo- 
dates said plurality of the emitting members sub- 

10 stantially in line on a common axial line. 

31. A catheter assembly for radiation therapy charac- 
terized by comprising: 

7 5 (a) a radiation source delivery wire according to 

claim 1 ; and 

(b) a catheter for radiation therapy, comprising 
a catheter body, and an elongated lumen which 
is provided in the catheter body and through 
which the radiation source delivery wire may be 
inserted. 

32. The assembly according to claim 31 , characterized 
in that said catheter has a radiopaque marker dis- 
posed in the catheter body, for indicating a position 
of the radiation source of the wire device inserted 
into said lumen. 
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33. The assembly according to claim 32, characterized 
in that said radiopaque marker is formed of X-ray 
opaque material. 

34. The assembly according to claim 31 , characterized 
in that a distal end of the cavity is closed. 



40 



27. The delivery wire according to claim 26, character- 
ized in that said connected body has a length of 
about 20 to about 40 mm. 

28. The delivery wire according to claim 26, character- 
ized in that said connector is provided between two 
adjacent individual emitting members and com- 
prises a plurality of linear members or ribbon mem- 
bers whose one end is connected to a proximal end 
of one of the adjacent emitting members and whose 
other end is connected to a distal end of the other of 
the adjacent radiators. 

29. The delivery wire according to claim 28, character- 
ized in that said connector comprises a plurality of 
connecting members comprising a plurality of linear 
members or ribbon members provided between two 
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